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(54) ROAD SURFACE DETERMINATION DEVICE AND SYSTEM 



(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely detect a road 
surface condition with a practical sampling frequency. 
SOLUTION: An acceleration sensor 10 and a sound 
pressure sensor 12 are arranged inside a tire. A 
waveform comparison circuit 18E determines a road 
surface according to an acceleration reference 
waveform and a waveform of an acceleration signal. A 
waveform comparison circuit 20E determines the road 
surface according to a sound pressure reference 
waveform and a waveform of a sound pressure signal. A 
power spectrum comparison circuit 18F determines the 
road surface according to comparison between an 
acceleration reference power spectrum and an 
acceleration power spectrum obtained from the 
acceleration signal. A power spectrum comparison 
circuit 20F determines the road surface according to 
comparison between a sound pressure reference power 
spectrum and a sound power spectrum obtained from 




the sound pressure signal. A road surface determination 

circuit 22 determines the road surface according to a majority of the surface determination 
results. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The acceleration sensor which is arranged inside a tire, detects the acceleration 
generated inside a tire with rotation of a tire, and outputs an acceleration signal, And the 
detection means equipped with the sound pressure sensor which approaches the interior of a 
tire with said acceleration sensor, is arranged, detects the sound pressure generated inside a 
tire with rotation of a tire, and outputs a sound pressure signal, While judging a road surface 
based on the reference waveform of the acceleration defined beforehand, and the wave of the 
acceleration signal detected by the acceleration sensor The 1st road surface judging means 
which judges a road surface based on the reference waveform of the sound pressure defined 
beforehand, and the wave of the sound pressure signal detected by the sound pressure sensor, 
and outputs the road surface judging result based on an acceleration wave, and the road surface 
judging result based on a sound pressure wave, While comparing the criteria power spectrum of 
the acceleration defined beforehand with the power spectrum of the acceleration obtained from 
the acceleration signal Compare the criteria power spectrum of the sound pressure defined 
beforehand with the power spectrum of the sound pressure obtained from the sound pressure 
signal, and a road surface is judged. The 2nd road surface judging means which outputs the road 
surface judging result based on the power spectrum of acceleration, and the road surface judging 
result based on the power spectrum of sound pressure, Road surface judging equipment including 
the 3rd road surface judging means which judges a road surface from the road surface judging 
result based on an acceleration wave, the road surface judging result based on a sound pressure 
wave, the road surface judging result based on the power spectrum of acceleration, and the road 
surface judging result based on the power spectrum of sound pressure. 
[Claim 2] Said 1st road surface judging means judges a road surface using the wave of the 
acceleration signal outputted within the predetermined section when the detection means 
arrangement part of said tire includes the section grounded on the road surface, and the wave of 
a sound pressure signal. Said 2nd road surface judging means is road surface judging equipment 
according to claim 1 which judges a road surface using the power spectrum of the acceleration 
obtained from each of the acceleration signal outputted within said predetermined section, and a 
sound pressure signal, and the power spectrum of sound pressure. 

[Claim 3] Said 1st road surface judging means is road surface judging equipment according to 
claim 1 or 2 which judges a road surface by comparing the threshold which computed the 
variance or correlation coefficient of the reference waveform of the variance of the reference 
waveform of said acceleration, and the wave of said acceleration signal or a correlation 
coefficient, and said sound pressure, and the wave of said sound pressure signal, and was 
beforehand determined as each of the computed variance or a correlation coefficient according 
to the road surface. 

[Claim 4] Light is irradiated towards the road surface judging equipment of claim 1-3 given in any 
1 term, and a road surface. The 4th road surface judging means which compares the level and 
the threshold of the reflected light from a road surface, and judges a road surface condition, The 
5th road surface judging means which irradiates a supersonic wave towards a road surface, 
compares the level and the threshold of a reflected wave from a road surface, and judges a road 
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surface condition, And preview road surface judging equipment equipped with at least one of the 
6th road surface judging means which photos a road surface, compares the characteristic 
quantity of an image and the threshold of this characteristic quantity which were photoed, and 
judges a road surface, It is based on the judgment result of said 3rd road surface judging means. 
The threshold of said preview road surface judging equipment at least One Or a road surface 
judging system including a correction means of the judgment result of the 4th road surface 
judging means, the judgment result of the 5th road surface judging means, and the judgment 
result of the 6th road surface judging means to correct one at least. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to road surface judging equipment and a road 
surface judging system, and relates to the road surface judging equipment and the road surface 
judging system which can judge a road surface with a sufficient precision with a practical 
sampling frequency especially. 
[0002] 

[Description of the Prior Art] As compared with the PSD table value of a specific frequency, the 
road surface condition detection equipment using the tire acceleration which detects a road 
surface condition is indicated by JP,6-258196,A in the PSD value to which the resonance level 
of the rubber on the front face of a tread produced with the horizontal slip by Toin at the time of 
rectilinear propagation computed and computed the PSD value (power spectrum density) of a 
resonance level based on the signal from the acceleration sensor attached in the suspension arm 
paying attention to changing with road surfaces mu. 

[0003] However, with this technique, the target frequency band is about 6kHz, and in order to 
perform frequency analysis with a sufficient precision, a sampling near [ at least 10 times as 
many as this ] the 60kHz (it is 1 6ns by periodic conversion) is needed. Thus, with the technique 
which paid its attention to resonance of the rubber on the front face of a tread, since it is 
necessary to make resonance frequency very high, there is a problem that a sampling frequency 
must be made high to impractical level. 

[0004] Moreover, a microphone is installed in the car body near a tire, the transit sound resulting 
from friction between a tire and a road surface is measured with a microphone, while using a 
band pass filter, the Fourier transform performs a frequency analysis to JP,8-298613,A, and the 
technique of detecting a road surface condition as compared with the table value of each road 
surface is indicated in the spectrum in a specific frequency. 

[0005] However, with this technique, since the microphone was installed in the tire exterior, it 
was easy to be influenced of alien frequencies, such as an engine sound and a whizzing sound, 
and there was a problem that road surface judging precision fell for this reason. 
[0006] This invention was made in order to cancel the above-mentioned trouble, and it aims at 
offering the road surface judging equipment and the road surface judging system which can 
detect a road surface condition with a sufficient precision with the practical sampling frequency 
of 1 kHz - about 5kHz. 
[0007] 

[Means for Solving the Problem] The acceleration sensor which this invention is arranged inside 
a tire in order to attain the above-mentioned purpose, and detects the acceleration generated 
inside a tire with rotation of a tire, and outputs an acceleration signal, And the detection means 
equipped with the sound pressure sensor which approaches the interior of a tire with said 
acceleration sensor, is arranged, detects the sound pressure generated inside a tire with rotation 
of a tire, and outputs a sound pressure signal, While judging a road surface based on the 
reference waveform of the acceleration defined beforehand, and the wave of the acceleration 
signal detected by the acceleration sensor The 1st road surface judging means which judges a 
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road surface based on the reference waveform of the sound pressure defined beforehand, and 
the wave of the sound pressure signal detected by the sound pressure sensor, and outputs the 
road surface judging result based on an acceleration wave, and the road surface judging result 
based on a sound pressure wave, While comparing the criteria power spectrum of the 
acceleration defined beforehand with the power spectrum of the acceleration obtained from the 
acceleration signal Compare the criteria power spectrum of the sound pressure defined 
beforehand with the power spectrum of the sound pressure obtained from the sound pressure 
signal, and a road surface is judged. The 2nd road surface judging means which outputs the road 
surface judging result based on the power spectrum of acceleration, and the road surface judging 
result based on the power spectrum of sound pressure, The road surface judging result based on 
an acceleration wave, the road surface judging result based on a sound pressure wave, It 
constitutes including the 3rd road surface judging means which judges the result of the majority 
of these road surface judging results to a road surface preferably from the road surface judging 
result based on the power spectrum of acceleration, and the road surface judging result based 
on the power spectrum of sound pressure. 

[0008] First, the principle of this invention is explained. When the part which has not been 
grounded on the revolving road surface of a tire while carrying out stationary transit of the 
desiccation way grounds on a road surface, inside a tire, fixed acceleration and sound pressure 
are produced according to deformation of (the time of touch-down) and a tread. Therefore, it 
can be based on each wave of this fixed acceleration and sound pressure. 

[0009] If the water screen exists between tire road surfaces, since deformation of a tread will be 
controlled, each wave of the acceleration at the time of touch-down and sound pressure 
changes to criteria. 

[0010] Moreover, if coefficient of friction between tire road surfaces falls, since slipping will arise 
in the first transition section of the touch-down section of a tread, each wave of the 
acceleration at the time of touch-down and sound pressure changes to criteria. 
[001 1] And if the irregularity of a road surface is large, a big change will arise in each wave of 
the acceleration at the time of touch-down, and sound pressure. 

[0012] Therefore, a road surface can be judged by detecting change from the criteria at the time 
of transit on the basis of each wave of the acceleration inside a tire when carrying out stationary 
transit of the desiccation way, and sound pressure. 

[0013] Furthermore, while carrying out stationary transit of the desiccation way, with the micro 
irregularity of a road surface, tire rubber vibrates and acceleration and sound pressure are 
produced inside a tire. Vibration of the tire rubber of a load noise frequency region (near 100- 
500Hz) changes with differences of the irregularity between road surfaces, such as the Hikami 
way and an asphalt way, to criteria. 

[0014] Therefore, a road surface can be judged by detecting change from the criteria power 
spectrum in the specific frequency at the time of transit on the basis of the acceleration and the 
sound pressure spectrum inside a tire when carrying out stationary transit of the desiccation 
way. 

[0015] The acceleration sensor and sound pressure sensor of this invention approach the 
interior of a tire respectively, are arranged, detect respectively the acceleration and sound 
pressure which are generated inside a tire with rotation of a tire, and output an acceleration 
signal and a sound pressure signal respectively. 

[0016] The 1st road surface judging means judges a road surface based on the reference 
waveform of sound pressure, and the wave of a sound pressure signal, and outputs the road 
surface judging result based on an acceleration wave, and the road surface judging result based 
on a sound pressure wave while it judges a road surface based on the reference waveform of 
acceleration, and the wave of an acceleration signal. Moreover, the 2nd road surface judging 
means compares the criteria power spectrum of sound pressure with the power spectrum of the 
sound pressure obtained from the sound pressure signal, judges a road surface, and outputs the 
road surface judging result based on the power spectrum of acceleration, and the road surface 
judging result based on the power spectrum of sound pressure while it compares the criteria 
power spectrum of acceleration with the power spectrum of the acceleration obtained from the 
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acceleration signal. And the 3rd road surface judging means judges a road surface from the road 
surface judging result based on an acceleration wave, the road surface judging result based on a 
sound pressure wave, the road surface judging result based on the power spectrum of 
acceleration, and the road surface judging result based on the power spectrum of sound 
pressure. In this case, it is effective if a road surface is judged from the result of the majority of 
these road surface judging results. 

[0017] In this invention, since the acceleration sensor and the sound pressure sensor are 
contained inside a tire, a road surface can be judged with a sufficient precision, without being 
influenced by alien frequencies. Moreover, since the road surface is judged by the comparison of 
an acceleration wave inside a tire, and the comparison of a power spectrum, it is not necessary 
to make a sampling frequency high like the conventional technique, and the sampling in practical 
within the limits can be performed. 

[0018] A road surface is judged using the wave of the acceleration signal outputted within the 
predetermined section when the 1st road surface judging means includes the section which the 
detection means arrangement part of said tire has grounded on the road surface in this 
invention, and the wave of a sound pressure signal. Said 2nd road surface judging means can 
judge a road surface using the power spectrum of the acceleration obtained from each of the 
acceleration signal outputted within said predetermined section, and a sound pressure signal, and 
the power spectrum of sound pressure. Thus, since only the signal of the required section can 
be used and a road surface can be judged by using the acceleration signal and sound pressure 
signal which were outputted within the predetermined section when the detection means 
arrangement part of a tire includes the section grounded on the road surface, road surface 
judging time amount can be shortened. Moreover, in case a road surface is judged with the 1 st 
road surface judging means, a road surface can be judged by comparing the threshold which 
computed the variance of the reference waveform of acceleration, and the wave of an 
acceleration signal, and the variance of the reference waveform of sound pressure, and the wave 
of a sound pressure signal, and was beforehand determined as the computed variance according 
to the road surface. In addition, it may replace with a variance and a correlation coefficient may 
be used. In addition, since the acceleration wave and sound pressure wave over wheel pressure 
and the vehicle speed change with road surfaces mu at the time of braking and a drive, as for a 
threshold, it is desirable to make it change according to wheel pressure and the vehicle speed. 
[0019] Above road surface judging equipment can be constituted as a road surface judging 
system combining the preview road surface judging equipment used for car control. One which 
explained this road surface judging system above of road surface judging equipments, The 4th 
road surface judging means which irradiates light towards a road surface, compares the level and 
the threshold of the reflected light from a road surface, and judges a road surface condition, The 
5th road surface judging means which irradiates a supersonic wave towards a road surface, 
compares the level and the threshold of a reflected wave from a road surface, and judges a road 
surface condition, And preview road surface judging equipment equipped with at least one of the 
6th road surface judging means which photos a road surface, compares the characteristic 
quantity of an image and the threshold of this characteristic quantity which were photoed, and 
judges a road surface, It is based on the judgment result of said 3rd road surface judging means. 
The threshold of said preview road surface judging equipment at least One Or it is constituted 
including a correction means of the judgment result of the 4th road surface judging means, the 
judgment result of the 5th road surface judging means, and the judgment result of the 6th road 
surface judging means to correct one at least The brightness of an image can be used as 
characteristic quantity of an image. 

[0020] As explained above, since the road surface judging using each signal of the acceleration 
inside a tire and sound pressure is carrying out direct detection of the contact condition of a tire 
and a road surface, it can obtain a judgment result with a high precision, for this reason, based 
on a road surface judging result with this high precision, it can be alike by correcting at least one 
as a result of [ of the threshold of a preview road surface judging ] at least one or as a result of 
[ preview road surface judging ], and the precision of a preview road surface judging can be 
improved. 
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[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail with reference to a drawing. The gestalt of this operation carries road surface judging 
equipment in a car, and judges a road surface condition (class of road surface). 
[0022] As shown in drawing 1 , the road surface judging equipment carried in the car of the 
gestalt of this operation The acceleration sensor (G sensor) 10 contained inside the tire which 
detects the acceleration generated inside a tire with rotation of a tire, and outputs an 
acceleration signal (G signal), and the sound pressure generated inside a tire with rotation of a 
tire are detected. It has been arranged the microphone (microphone) 12 contained inside the tire 
which outputs a sound pressure signal (S signal), and near the shaft of a tire, and has the 
encoder 14 which outputs one pulse for every predetermined angle of rotation according to 
rotation of a tire. The acceleration sensor 10 and the microphone 12 are arranged in the near 
location. Moreover, the G sensor 10 detects the acceleration of a car transit cross direction, 
when the sensor which detects the acceleration of one to 3 direction (one to 3 shaft) can be 
used and it detects one direction. 

[0023] In addition, 1 7 is a tire tread, and acceleration and sound pressure usually show peak 
value, when the part which has not been grounded on the revolving road surface of a tire 
grounds on a road surface, and when the part grounded on the road surface separates from a 
road surface. 

[0024] Moreover, the speed sensor which detects whenever [ car-body-speed ] (vehicle speed) 
on a car, and outputs a vehicle speed signal to it, the wheel pressure sensor which detects 
wheel pressure (oil pressure in the wheel cylinder of an oil brake), and outputs a wheel pressure 
signal, and the rudder angle sensor which detects the steering angle of a steering and outputs a 
rudder angle signal are attached. 

[0025] An encoder 14 is connected to the encoder processing circuit 16 which performs wave 
processing of the pulse signal outputted from an encoder through the slip ring 15. The G sensor 
1 0 In order to perform wave processing of G sensor signal, it connects with G sensor digital- 
disposal-circuit 18A prepared in the internal G processing circuit 18, and the microphone 12 is 
connected to microphone sound digital-disposal-circuit 20A prepared in the internal sound 
processing circuit 20 in order to perform wave processing of a microphone sound signal. 
[0026] G sensor digital-disposal-circuit 18A which explained the internal G processing circuit 18 
above, Reference-value store circuit 18B which changes the magnitude of thresholds L1-L4 
according to a vehicle speed signal and a wheel pressure signal while memorizing the criteria 
acceleration wave which is a reference value, a criteria power spectrum, and the thresholds L1- 
L4 for a road surface judging, Time series value store circuit 18C which judges whether it is 
rectilinear-propagation transit according to a rudder angle signal, and memorizes G sensor signal 
of the time series in rectilinear-propagation transit according to a sampling period, Frequency- 
analysis circuit 18D which carries out frequency analysis of the G sensor signal inputted from G 
sensor digital-disposal-circuit 18A at the time of rectilinear-propagation transit, Wave 
comparator circuit 1 8E which presumes a road surface condition based on the wave of G sensor 
signal of the time series memorized by a criteria acceleration wave and time series value store 
circuit 18C (a road surface is judged), And it is constituted by power spectrum comparator 
circuit 18F which compare a criteria power spectrum with the power spectrum of G sensor 
signal, and presume a road surface condition. 

[0027] A vehicle speed signal and a wheel pressure signal are inputted into reference-value 
store circuit 18B. To time series value store circuit 18C A rudder angle signal, encoder 
processing circuit 16 output, and a G sensor digital-disposal-circuit 18A output are inputted. To 
frequency-analysis circuit 18D G sensor signal outputted from rudder angle signal and G sensor 
digital-disposal-circuit 18A is inputted. To wave comparator circuit 18E The wave of G sensor 
signal outputted from the criteria acceleration wave and time series value store circuit 18C 
which were outputted from reference-value store circuit 18B is inputted. To power spectrum 
comparator circuit 18F The power spectrum of G sensor signal outputted from the criteria power 
spectrum from reference-value store circuit 18B and frequency-analysis circuit 18D is inputted. 
[0028] Microphone sound digital-disposal-circuit 20A which explained the internal sound 
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processing circuit 20 above, Reference-value store circuit 20B which changes the magnitude of 
threshold LI 1 - L4' according to a vehicle speed signal and a wheel pressure signal while 
memorizing the reference-acoustic-pressure wave which is a reference value, a criteria power 
spectrum, and threshold LV - L4' for a road surface judging, Time series value store circuit 20C 
which judges whether it is rectilinear-propagation transit according to a rudder angle signal, and 
memorizes the microphone sound signal of the time series in rectilinear-propagation transit 
according to a sampling period, Frequency-analysis circuit 20D which carries out frequency 
analysis of the microphone sound signal inputted from microphone sound digital-disposal-circuit 
20A at the time of rectilinear-propagation transit, Wave comparator circuit 20E which compares 
the microphone sound signal of the time series memorized by a reference-acoustic-pressure 
wave and time series value store circuit 20C, and presumes a road surface condition, And it is 
constituted by power spectrum comparator circuit 20F which compare a criteria power spectrum 
with the power spectrum of a microphone sound signal, and presume a road surface condition. 
[0029] A vehicle speed signal and a wheel pressure signal are inputted into reference-value 
store circuit 20B. To time series value store circuit 20C A rudder angle signal, encoder 
processing circuit 16 output, and a microphone sound digital-disposal-circuit 20A output are 
inputted. To frequency-analysis circuit 20D The microphone sound signal outputted from rudder 
angle signal and microphone sound digital-disposal-circuit 20A is inputted. To wave comparator 
circuit 20E The wave of the sound pressure signal outputted from the criteria acoustic wave 
form and time series value store circuit 20C which were outputted from reference-value store 
circuit 20B is inputted. To power spectrum comparator circuit 20F The power spectrum of the 
sound pressure signal outputted from the criteria power spectrum from reference-value store 
circuit 20B and frequency-analysis circuit 20D is inputted. 

[0030] The wave comparator circuits 1 8E and 20E and the power spectrum comparator circuits 
18F and 20F are connected to the road surface judging circuit 22 which judges a road surface by 
the majority of the road surface condition presumed in each comparator circuit. 
[0031] To wave comparator circuit 18E, from reference-value store circuit 18B The thresholds 
L1-L4 changed according to a criteria acceleration wave, and the vehicle speed and wheel 
pressure are inputted. To wave comparator circuit 20E, from reference-value store circuit 20B 
Threshold L1 ' changed according to a reference-acoustic-pressure wave, and the vehicle speed 
and wheel pressure - L4 f are inputted. The criteria power spectrum of acceleration is inputted 
into power spectrum comparator circuit 18F from reference-value store circuit 18B. Next the 
criteria power spectrum of sound pressure is inputted into power spectrum comparator circuit 
20F from reference-value store circuit 20B, with reference to drawing 2 , the road surface state 
estimation manipulation routine of the gestalt of this operation is explained. Step 100 - step 108 
are collectively explained, although it is the processing performed in each of the time series 
value store circuits 18C and 20C and step 1 10 is processing performed in the wave comparator 
circuits 1 8E and 20E. Moreover, in this road surface state estimation manipulation routine, the 
desiccation way is beforehand given as initial value of a road surface state estimation result. 
[0032] At step 100, when it judges whether the car is carrying out rectilinear-propagation transit 
based on the rudder angle signal and the car is carrying out rectilinear-propagation transit, in 
step 102, if it is a sampling period, G signal and an encoder output signal will be incorporated, and 
if it is a sampling period, by time series value store circuit 20C, S signal and an encoder output 
signal will be incorporated at time series value store circuit 1 8C. In addition, if it is not at the 
sampling time, it will be made not to incorporate each signal. 

[0033] At the following step 104, it judges whether the part corresponding to whether based on 
an encoder output signal, the part corresponding to the G sensor 10 of a tire tread and the 
installation part of a microphone 12 is grounding and a sensor installation part is located in the 
touch-down section, and judges whether it is touch-down termination in step 106. In not being 
touch-down termination (i.e., when the part corresponding to a sensor installation part is located 
in the touch-down section), in step 108, in time series value store circuit 18B, G signal and an 
encoder output signal are memorized, and it memorizes S signal and an encoder output signal by 
time series value store circuit 20B. 

[0034] Consequently, G signal and an encoder output signal are memorized in order by time 
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series' value store circuit 18B as a time series value for every sampling period, and S signal and 
an encoder output signal are memorized in order by time series value store circuit 20B as a time 
series value for every sampling period. 

[0035] On the other hand, when judged as touch-down termination at step 106 In step 110, the 
time series value from the touch-down initiation memorized by time series value store circuit 
18C to touch-down termination is inputted into wave comparator circuit 18E. While road surface 
presumption processing by the acceleration wave is performed using the criteria acceleration 
wave and threshold which are inputted from the reference-value store circuit Road surface 
presumption processing by the sound pressure wave is performed using the reference-acoustic- 
pressure wave and threshold as which the time series value from the touch-down initiation 
memorized by time series value store circuit 20C to touch-down termination is inputted into 
wave comparator circuit 20E, and is inputted from reference-value store circuit 20B. About the 
detail of this road surface judging, it mentions later. 

[0036] And at step 112, in order to perform the road surface judging at the time of next sensor 
installation part touch-down, time series value store circuit 1 8C and the time series data 
memorized in 20C of each are eliminated. 

[0037] Next, the detail of the road surface state estimation processing in step 110 performed in 
each of the wave comparator circuits 18E and 20E with reference to drawing 3 is explained. In 
addition, since the processing performed in each of the wave comparator circuits 1 8E and 20E is 
the same, only one side is explained. Moreover, in explanation, a reference value, and a call and 
the time series value of G signal (or S signal) are only called a time series value, and a criteria 
acceleration wave (or reference-acoustic-pressure wave) is only explained. In addition, in the 
road surface state estimation processing by the acceleration wave, thresholds L1-L4 are used, 
and, in the road surface state estimation processing by the sound pressure wave, threshold L1' - 
L4' is used. 

[0038] At step 1 16, the variance sigma of a reference value and a time series value is computed. 
In addition, Variance sigma is computed using the reference value and time series value in each 
of the same tire angle-of-rotation location obtained from an encoder output signal. In addition, 
you may make it use the correlation coefficient which replaces with this variance sigma and 
expresses correlation with a reference value and a time series value. 

[0039] At the following step 118, it judges whether Variance sigma is larger than threshold K. 
Variance sigma is running the way (inside mu way) on the snow which the car is running the road 
surface in the condition of having differed from the criteria road surface in being larger than 
threshold K, namely, hydroplaning has generated and which is running the Hikami way (low mu 
way), or since there is possibility of running the bad road, the accumulation value co2 of the 
variance sigma which carried out weighting in step 124 is calculated according to the following 
formulas. 
[0040] 

co2=k1, co2+k2, andsigma ... (1) 

In addition, the weighting factor k1 to the accumulation value co2 of the past distribution sigma 
is made larger than the weighting factor k2 to the current variance sigma, and even if the current 
variance sigma changes rapidly, he is trying for k1 and k2 to be weighting multipliers, and for the 
accumulation value co2 of Variance sigma not to change rapidly according to this. When it runs 
the part (a part for or concave heights) were partially [ on a road surface ] ruined by this, even if 
Variance sigma changes a lot temporarily, the incorrect judging of a road surface can be 
prevented. 

[0041] since the difference of the acceleration for every road surface of an instant wave appears 
notably with the rise of the vehicle speed and wheel pressure at the time of braking and driving 
control so that it may explain below, in order [ moreover, ] to be able to carry out a road surface 
judging in an instant — step 120 — setting — the time of braking and driving control ****** — 
judging — the case at the time of braking and driving control — step 122 — a weighting factor 
k1 — he makes it small (for example, 0), and is trying to calculate the accumulation value co2 
Thereby, since a road surface condition is presumed only based on the present variance, a field 
condition can be judged in an instant. 
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[0042] At step 126 - step 140, a road surface condition is presumed as compared with the 
accumulation value co2 or a threshold. In addition, in presumption of the road surface condition 
by the acceleration wave, the magnitude of thresholds L1-L4 so that it may mention later So 
that it may be LKL2<L3<L4 and the magnitude of threshold LT - L4' may be mentioned later 
again in presumption of the road surface condition by the sound pressure wave It is 
L1XL2XL3XL4', and, as for each of thresholds L1-L4 and L1' - L4\ magnitude is changed 
according to transit conditions, such as the vehicle speed and wheel pressure, in the reference- 
value store circuit. 

[0043] When presumption of the road surface condition by the acceleration wave is explained in 
full detail, at step 1 26 Compare the accumulation value co2 with a threshold L1 , and when the 
accumulation value co2 is less than [ threshold L1 ] When a road surface state estimation result 
is not changed but the accumulation value co2 exceeds a threshold L1, step 128 compares the 
accumulation value co2 and a threshold L2, and when the accumulation value co2 is less than 
[ threshold L2 ], the Hikami way is presumed at step 130. 

[0044] On the other hand, when the accumulation value co2 exceeds a threshold L2, step 132 
compares the accumulation value co2 and a threshold L3, and when the accumulation value co2 
is less than [ threshold L3 ], it is presumed that hydroplaning has occurred at step 134. And 
when the accumulation value co2 exceeds a threshold L3, step 136 compares the accumulation 
value co2 and a threshold L4, when the accumulation value co2 is less than [ threshold L4 ], a 
way on the snow is presumed at step 138, and when the accumulation value co2 exceeds a 
threshold L4, bad roads, such as ballast, are presumed at step 140. In addition, a road surface 
condition can be presumed like the above only by thresholds differing in presumption of the road 
surface condition by the sound pressure wave. 

[0045] The accumulation value co2 is decreased by subtracting the predetermined value n from 
the accumulation value co2 in step 142, when Variance sigma is judged to be below threshold K 
at step 122, and a desiccation way is presumed at step 148, using the accumulation value co2 as 
0 at step 146, when it judges whether the accumulation value co2 became negative at step 144 
and becomes negative. When the accumulation value co2 is zero or more, this routine is ended 
without changing a road surface state estimation result. 

[0046] Next, presumption of a road surface condition is explained to a detail. Drawing 4 (a) The 
moment wave when measuring the acceleration of the car transit cross direction of the interior 
at the time of the studless tire touch-down at the time of carrying out stationary transit by 
vehicle speed 30 km/h by G sensor to - (b) in each road surface (a desiccation way, a way on 
the snow, the Hikami way, and bad road) and the desiccation way reference waveform which 
equalized the moment wave for every touch-down at the time of desiccation way transit in each 
touch-down location are shown. Drawing 4 (a) The axis of abscissa of - (b) shows the touch- 
down location of the tread section corresponding to the installation part of G sensor obtained by 
the encoder output signal. The case where the tread section corresponding to the installation 
part of G sensor is located at the core of the touch-down section is made into criteria (0). From 
the treading-in side which the tread section corresponding to the installation part of G sensor 
grounded, the tread section corresponding to the installation part of G sensor separates from a 
road surface, and begins to kick, and a side is made into the touch-down section. - The 
acceleration wave when the tread section corresponding to the installation part of G sensor 
moves in the direction of 25cm to +25cm is shown. 

[0047] In the case of the desiccation way shown in drawing 4 (a), from the comparison with a 
wave and a reference waveform at the moment In the case of the way on the snow which the 
moment wave of the touch-down section and the reference waveform are carrying out 
abbreviation coincidence since deformation of the tire at the time of touch-down is the same 
each time, and is shown in drawing 4 (b) In the case of the Hikami way which the moment wave 
of the touch-down section is not in agreement with a reference waveform for surface collapse of 
a road surface, and is shown in drawin g 4 (c) The gap has arisen in the acceleration wave in the 
touch-down front end by slipping, in the case of the bad road shown in drawin g 4 (d), the 
acceleration wave is vibrating violently with ballast etc., and he can understand that the 
configuration wave-like at the moment is changing with road surfaces from these except a 
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desiccation way. 

[0048] The moment acceleration of the car transit cross direction at the time of the tire touch- 
down at the time of using the Normal tire and carrying out stationary transit of the artificial low 
mu way with the vehicle speed of 50km/h and the moment acceleration of a car transit cross 
direction when a tire comes floating are shown in drawing 5 as compared with a desiccation way 
reference waveform. Although a moment wave when the tire has grounded carries out 
abbreviation coincidence with a desiccation way reference waveform from drawing as explained 
also above, he can understand that the desiccation way reference waveform of a moment wave 
[ when a tire comes floating ] does not correspond. 

[0049] The time series data of the variance of the acceleration of the car transit cross direction 
obtained for every studless tire touch-down in each road surface (a desiccation way, a way on 
the snow, the Hikami way, and bad road) at the time of carrying out stationary transit by vehicle 
speed 30 km/h are shown in drawing 6 (a), and the enlarged drawing is shown in it at drawing 6 
(b). He can understand that a variance averages in order of a bad road, a way on the snow, the 
Hikami way, and a desiccation way, and it is small so that I may be understood from drawing. 
[0050] The time series data of the variance of the acceleration of the car transit cross direction 
of the Normal tire in each road surface of the low mu way at the time of carrying out stationary 
transit with the vehicle speed of 50km/h, an inside mu way, and a quantity mu way are shown in 
drawing 7 (a), and the same time series data as drawing 7 (a) at the time of carrying out 
stationary transit by vehicle speed 70 km/h are shown in drawing 7 (b). He can understand that 
the variance of the moment hydroplaning has arisen from drawing, so that the vehicle speed 
becomes high is large. 

[0051] Therefore, the thresholds L1-L4 for the road surface state estimation at the time of 
using an acceleration wave can understand LKL2<L3<L4, then a good thing respectively. 
[0052] In addition, the measurement result of above-mentioned drawing 4 - drawing 7 is the 
same also about sound pressure. Therefore, threshold LT for the road surface state estimation 
at the time of using a sound pressure wave - L4' can understand L1 '<L2'<L3'<L4\ then a good 
thing respectively. 

[0053] He can understand that a road surface condition can be judged from the comparison with 
the magnitude of the variance of a reference waveform and a time series value, and a threshold 
the above result. In addition, although the above explained the example which makes a reference 
value the acceleration wave and sound pressure wave in a desiccation way, it is good also 
considering the acceleration wave and sound pressure wave when running other road surfaces as 
a reference value. 

[0054] Drawing 8 shows the desiccation way criteria acceleration wave at the time of carrying 
out stationary transit using a studless tire with vehicle speed 30 km/h and the vehicle speed of 
50km/h (in the case of wheel pressure 0). The acceleration in a touch-down edge serves as 
abbreviation 0 from drawing during about 300 m/s2 and the touch-down section by about 100 
m/s2 and vehicle speed 50 km/h by vehicle speed 30 km/h. This reason is explained below. 
[0055] Drawing 9 shows the situation of deformation of the tire at the time of tire touch-down. 
Since a tire ground plane deforms at the time of touch-down so that it may become a flat 
surface compulsorily along with a road surface, the tire radius R0 changes momentarily in the 
touch-down first transition Cf and the touch-down trailing edge Cr, and a system of particles 
serves as movement which moves to radial in the touch-down first transition Cf and the touch- 
down trailing edge Cr, rotating. Moreover, since a tire ground plane will ground and carry out 
translational motion to a road surface during touch-down, the acceleration of a tire ground plane 
is set to 0 in the time of stationary transit. 

[0056] The vector diagram of the acceleration of movement which P points at the tip of Vector 
R move in the direction of vector R while rotating comes to be shown in drawing 10 , when 
omega is made into wheel speed. By drawing 10 , wheel speed omega makes a counterclockwise 
rotation forward, and shows dR/dt>0, d2 R/dt 2> 0, and the direction of each vector in d 
omega/dt >0. 

[0057] If it considers that the periphery of the part in which G sensor was attached is the 
system of particles which exists in P points at the tip of Vector R, in the touch-down first 
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transition Cf and the touch-down trailing edge Cr at the time of stationary transit, the 
acceleration alpha shown by the degree type according to Coriolis force to a system of particles 
will occur. 
[0058] 

alpha=2 (dR/dt) and omega ... (2) 

However, (2) types show the acceleration of the tangential direction in a steady state in case 
frictional force does not act. 

[0059] Drawing 1 1 shows the physical relationship of the system of particles from the datum line 
by making into the datum line the straight line which connects a ground-plane core and the 
center of rotation. The radius of gyration R at the time of the touch-down of the system of 
particles which is rotating the tire radius R0 top with rotational speed omega (it is the same as 
the magnitude of Vector R) is expressed with the following formulas from drawing 1 1 . 
[0060] 

R=ROandcostheta/costhetaomegat ... (3) 

In addition, theta is an angle (it can calculate from touch-down length) which the straight line 
which connects a touch-down edge (touch-down first transition or touch-down trailing edge) 
and the center of rotation, and the datum line constitute, and t is the elapsed time on the basis 
of the location of the datum line. 

[0061] When R of the above-mentioned (3) formula is differentiated by time amount, change 

dR/dt of a radius of gyration is expressed with the following formulas. 

dR/dt=R0 and cos theta-sinomegat-omega / (costhetaomegat) 2 ... (4) 

(4) A degree type will be obtained if a formula is substituted for (2) types. 

[0062] 

alpha=2, R0, and cos theta-sinomegat-omega 2/(costhetaomegat) 2 ... (5) 
From the above-mentioned (5) formula, since the acceleration alpha of the moment the tire 
grounded is proportional to the square of wheel speed, it is necessary to also change thresholds 
L1-L4 according to wheel speed or the vehicle speed. 

[0063] Here, if it asks for the acceleration alpha in the touch-down first transition Cf and the 
touch-down trailing edge Cr (omegat=**theta) at the time of vehicle speed 30 km/h and vehicle 
speed 50 km/h transit, using as 14.5 degrees theta which calculated the tire radius R0 from 
0.314m and touch-down length, it will become as it is shown in the following tables, and the 
acceleration of the touch-down first transition Cf and the touch-down trailing edge Cr has the 
same magnitude, and a direction becomes reverse. 



;0064] 
Table 1] 
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3 2 3 m/ s 2 



<TXF FR=0002 HE=215 WI=080 LX=0200 LY=0650> [0065] Drawing 12 (a) - (c) shows the 
acceleration wave at the time of braking from the condition which is running the desiccation way, 
the way on the snow, and the Hikami way by 50 km/h using a studless tire (an instant wave and 
desiccation way reference waveform at the time of stationary transit). Moreover, the numeric 
value indicated on the left-hand side of drawing shows wheel pressure Pc at the time of plot 
data being obtained, the vehicle speed V, and slip ratio lambda. 

[0066] I am understood from drawing 12 — as — abbreviation — each instant waves differ also 
in the same wheel pressure. That is, on the way on the snow, it is intense and surface collapse 
of a road surface has become [ the wave ] in vibration. On the Hikami way, the crest where the 
field where acceleration becomes 0 in tire touch-down first transition made breadth and an 
acceleration peak top-most vertices is thin. Slipping arises, the passing speed of a tread 
becomes slow, since the residence time of G sensor in the same touch-down location is long as 
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compared with the time of stationary transit, this cause has the small change rate of a tire 
radius, and it is because it is observed as completed by the acceleration by the Coriolis force at 
the time of touch-down. Above, although the acceleration at the time of braking was explained, 
the same is said of the time of a drive, and is said of sound pressure. 
[0067] thus — braking and driving control — the time — **** — desiccation — a way — 
criteria — acceleration — a wave — a gap — large — becoming — a sake — desiccation — a 
way — a stationary — transit — the time — acceleration — a wave — and — sound pressure 

— a wave — from — a road surface — a condition — presuming — a sake — a threshold — L 

— one - L — four — L — one — 1 - L — four — ' — magnitude — it is necessary to change . 
That is, it is necessary to change thresholds L1-L4 and the magnitude of LT - L4' according to 
the vehicle speed and wheel pressure, moreover, since the difference of the acceleration for 
every road surface of an instant wave appeared notably with the rise of wheel pressure at the 
time of braking and driving control, it explained above — as — a weighting factor k1 ; — it is 
desirable that it is made small (for example, 0) and can be made to carry out in an instant a road 
surface judging. 

[0068] Next, the road surface condition judging manipulation routine in the frequency-analysis 
circuits 18D and 20D and the power spectrum comparator circuits 18F and 20F of a gestalt of 
the above-mentioned operation is explained. In addition, the road surface condition judging 
processing in the power spectrum comparator circuits 1 8F and 20F is the same. The spectrum 
of the specific frequency of acceleration analyzed as the specific frequency spectrum (criteria 
power spectrum) of acceleration when carrying out stationary transit of the desiccation way in 
power spectrum comparator circuit 1 8F is compared. Since the road surface condition is 
presumed by comparing the spectrum of the specific frequency of sound pressure analyzed as 
the specific frequency spectrum (criteria power spectrum) of sound pressure when carrying out 
stationary transit of the desiccation way in power spectrum comparator circuit 20F, it explains 
collectively. 

[0069] In step 160, when it judges whether it is under [ rectilinear-propagation transit ] ****** 
based on a rudder angle signal and is [ rectilinear-propagation ] under transit, if it is in 
frequency-analysis circuit 18D in step 162 at the sampling time, and it is in G signal and 
frequency-analysis circuit 20D at the sampling time, S signal will be incorporated, and if it is not 
at the sampling time, it will be made not to perform incorporation of G signal (or S signal) in each 
frequency-analysis circuit respectively. 

[0070] At the following step 164, at frequency-analysis circuit 18D, the spectrum value in the 
specific frequency of G signal is extracted, and by frequency-analysis circuit 20D, the spectrum 
value in the specific frequency of S signal is extracted, and it outputs to each of a power 
spectrum comparator circuit. The extract of a spectrum can use technique, such as FFT, a band 
pass filter, and wavelet transform. At step 166, the criteria power spectrum in the specific 
frequency inputted from the spectrum value extracted in the power spectrum comparator circuit 
and the reference-value store circuit is compared, and a road surface condition is presumed. 
[0071] The frequency spectrum of the acceleration when using a studless tire for drawing 14 (a) 
and (b), and carrying out stationary transit of each road surface (a desiccation way, a way on the 
snow, the Hikami way, and ballast bad road) by vehicle speed 30 km/h and vehicle speed 50 
km/h is shown. In each vehicle speed, the spectrums near 300-500Hz (load noise frequency 
region) differ on each road surface. Therefore, a road surface condition can be presumed by 
comparing the spectrum (criteria power spectrum) of the specific frequency when running the 
desiccation way with the spectrum (power spectrum) of the specific frequency from a 
frequency-analysis circuit. In addition, although the frequency spectrum of acceleration was 
explained above, the same is said of the frequency spectrum of sound pressure, and a road 
surface condition can be presumed by comparing with a criteria power spectrum. 
[0072] The presumed result in wave comparator circuit 18E presumed as mentioned above 
(presumed result by G wave comparison), The presumed result (presumed result by S wave form 
comparison) in wave comparator circuit 20E, the presumed result (presumed result by G 
spectrum comparison) of power spectrum comparator circuit 18F, And as the presumed result 
(presumed result by S spectrum comparison) of power spectrum comparator circuit 20F is 
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shown in drawing 1 and dr awing 15 , it is inputted into the road surface judging circuit 22, and a 
road surface judging is performed by majority. Two or more presumed results of having brought 
the same presumed result are judged as a transit road surface at present by this. 
[0073] Since G sensor and the sound pressure sensor are arranged inside a tire according to the 
gestalt of this operation as explained above, there is little effect of alien frequencies, and it can 
perform a road surface judging with the practical sampling frequency which is 1-5kHz. 
[0074] Next, the gestalt of operation of the 2nd of this invention is explained. As explained 
above, since the road surface judging using each signal of the acceleration inside the tire of the 
gestalt of the 1st operation and sound pressure is carrying out direct detection of the contact 
condition of a tire and a road surface, it can obtain a judgment result with a high precision. For 
this reason, he is trying to correct the threshold of the preview road surface judging in the car 
control device which controls a car based on a preview road surface judging result with the 
gestalt of the 2nd operation using the road surface judging result of the gestalt of the 1st 
operation. 

[0075] The gestalt of this operation is constituted including the road surface judging equipment 
50 explained with the gestalt of the 1st operation, preview road surface judging equipment 52, 
the mottling way detector 54, the preview result majority circuit 56, the threshold correction 
circuit 58, and the car control unit 60, as shown in drawing 16 . 

[0076] It consists of electric eyes which receive the exposure machine which irradiates infrared 
light towards a road surface, and the reflected light from the road surface of the infrared light 
which irradiated to preview road surface judging equipment 52, and output an electrical signal to 
it, and the road surface condition judging equipment 52 A using infrared light which judges a road 
surface condition using the absorption wavelength of the infrared light to water (liquid) differing 
from the absorption wavelength of the infrared light to ice (solid-state) is prepared. By this road 
surface condition judging equipment 52A, infrared light is irradiated at a road surface, the 
reflected light which passed the 1 st filter which passes the light of a water absorption 
wavelength region, and the 2nd filter which passes the light of an icy absorption wavelength 
region is received by the electric eye, and the light-receiving level IL of the reflected light which 
passed the 1st filter is compared with the light-receiving level IR of the reflected light which 
passed the 2nd filter. In IR<IL, it judges that it is the case where infrared light was absorbed and 
the light-receiving level IR falls on ice, and it is judged to be a freezing way. On the contrary, in 
IR>IL, it judges that it is the case where infrared light was absorbed and the light-receiving level 
IL falls bywater, and it is judged to be a humid way. 

[0077] When only this road surface condition judging equipment 52A is used, either judgment 
result of a freezing way and a humid way is outputted, and it becomes an incorrect judging at the 
time of the other road surface transit. For this reason, threshold lice of the light-receiving level 
of a freezing way and threshold Iwet of the light-receiving level of a humid way are prepared, and 
it judges as follows. 

- Judge with a freezing way at the time of IR<IL and IL<Iice. 

- Judge with a humid way at the time of IR>IL and IR<Iwet. 

- When filling above neither, consider as other road surfaces. 

[0078] Moreover, threshold lice of light-receiving level and Iwet are made to fluctuate, as it is 
based on the judgment result of road surface judging equipment 50 in the threshold correction 
circuit 58 and is shown in the following tables. 
[0079] 
[Table 2] 
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[0080] The judgment result based on the interior signal of a tire is a freezing way, and since 
possibility of being a freezing way when the judgment result based on infrared light is other is 
high, threshold lice is reduced so that I may be understood from Table 2, the judgment result 
based on the interior signal of a tire is a humid way, and when the judgment result based on 
infrared light is other, since possibility of being a humid way is high, threshold Iwet is reduced. 
Moreover, since a certain possibility is high, each of threshold lice and Iwet is made to increase 
by in addition to this coming out, even if the judgment result based on infrared light is a freezing 
way or a humid way when the judgment results based on the interior signal of a tire are others. 
[0081] Moreover, it consists of electric eyes which receive the reflected light from the road 
surface of the light which irradiated to preview road surface judging equipment 52 through the 
slit array equipped with two or more slits with the exposure machine which irradiates light 
towards a road surface, and output an electrical signal to it. Road surface condition judging 
equipment 52B using light which judges a road surface condition using the spectrum of the light 
which received light through the slit array changing with road surfaces in a low frequency field is 
prepared. By this road surface condition judging equipment 52B, light is irradiated at a road 
surface and the reflective level of the specular reflection light of the light which received light 
through the slit array, and diffuse reflection light is compared with the threshold of each road 
surface. 

[0082] The value which normalized the reinforcement Db of the frequency component in a 
predetermined low frequency band in road surface condition judging equipment 52B with the 
reinforcement Da of the space center frequency fO equivalent to the passing speed of a vehicle 
(frequency component intensity ratio Db/Da), The ratio of the reinforcement Da and Df of the 
component contained about each of specular reflection light and diffuse reflection light in the 
frequency band centering on each space center frequency (reflected light ratio Df/Da), Each of 
the rate Rv (ratio of the amount of reflected lights to the amount of floodlighting to a road 
surface LD) of the reflected light of diffuse reflection light is compared with thresholds TH1, 
TH2, TH3, THc, THd1, THd2, and THe, and a road surface condition is judged as follows. 

- Judge with a humid way at the time of Db/Da<=TH1, Db/Da<=TH2, and Df/Da>THd1. 

- Judge with a desiccation road surface at the time of the time of Db/Da<=TH1, Db/Da<=TH2, 
and Df/Da<=THd1 or Db/Da<=TH3, and Df/Da<=THd2. 

- Judge with a ballast road surface at the time of the time of Db/Da<=TH1 and Db/Da>TH2 or 
Db/Da>TH3, and Rv<=THc. 

- Judge with a snow coverage road surface at the time of the time of Db/Da>TH1 or 
Db/Da>TH3, and Rv>THc. 

- Judge with a freezing way at the time of Db/Da<=TH3 and Df/Da>THd2. 

[0083] When only this road surface condition judging equipment 52B is used, since reflectivity 
changes with the dirt condition of a road surface, when the fixed threshold is used, an exact road 
surface judging becomes impossible [ a way on the snow and a freezing way ]. Then, the 
threshold related as the threshold correction circuit 58 is shown in the following table 3 is made 
to fluctuate. 

[0084] Namely, when the judgment result of road surface condition judging equipment 52B differs 
from the judgment result based on the interior signal of a tire on the basis of the judgment result 
based on the interior signal of a tire, a threshold is fluctuated in the direction in which the 
judgment result based on the interior signal of a tire is obtained by road surface condition judging 
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equipment 52B. 
[0085] 
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[0086] For example, it is the case where the judgment result based on the interior signal of a tire 
is a desiccation way, when the judgment result of road surface condition judging equipment 52B 
is a humid way, a threshold THdl is decreased, when the judgment result of road surface 
condition judging equipment 52B is a snow coverage way, a threshold THc is made to increase, 
and when the judgment result of road surface condition judging equipment 52B is a freezing way, 
a threshold TH3 is decreased. 

[0087] Moreover, it consists of receivers which receive the exposure machine which irradiates a 
supersonic wave towards a road surface, and the reflected wave from the road surface of the 
supersonic wave which irradiated to preview road surface judging equipment 52, and output an 
electrical signal to it, and road surface condition judging equipment 52 C using a supersonic wave 
which judges a road surface condition using a desiccation way (or a humid way) differing from a 
snow-coverage way (or freezing way) in the level of the reflected wave which received is 
prepared. In this road surface condition judging equipment 52C, a supersonic wave is irradiated 
at a road surface, if the receiving level of a reflected wave is in setting tolerance, it will judge 
with a desiccation way (or humid way), and if the receiving level of a reflected wave is outside 
setting tolerance, it will judge with a snow coverage way (or freezing way). 
[0088] When the judgment result of road surface condition judging equipment 52 C differs from 
the judgment result based on the interior signal of a tire on the basis of the judgment result 
based on the interior signal of a tire as shown in Table 4 since an incorrect judging will arise in 
the road surface judging result based on a supersonic wave if setting tolerance is not not 
suitable, in road surface condition judging equipment 52 C, setting tolerance fluctuates in the 
direction in which the judgment result based on the interior signal of a tire is obtained by road 
surface condition judging equipment 52 C. 

[0089] For example, in the case of a snow coverage way (or freezing way), the road surface 
judging result by road surface condition judging equipment 52C makes setting tolerance small to 
the judgment result based on the interior signal of a tire being a desiccation way (or humid way). 
[0090] 
[Table 4] 
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[0091] And a road surface is photoed to preview road surface judging equipment 52 with a 
camera, the image information from a camera is changed into it to monochrome image 
information, the condition of brightness distribution of the color of monochrome image 
information is judged, and when brightness is more than a threshold, road surface condition 
judging equipment 52D judged to be a thing with snow coverage is prepared. In this road surface 
condition judging equipment 52D, since the color of a road surface changes with the dirt 
condition of a way on the snow, if the fixed threshold is used, the incorrect judging of a road 
surface condition may be produced. 

[0092] For this reason, as shown in Table 5, when the judgment result of road surface condition 
judging equipment 52D differs from the judgment result based on the interior signal of a tire on 
the basis of the judgment result based on the interior signal of a tire, a threshold is fluctuated in 
the direction in which the judgment result based on the interior signal of a tire is obtained by 
road surface condition judging equipment 52D. 

[0093] For example, to the judgment result based on the interior signal of a tire being a 
desiccation way, when the road surface judging result by road surface condition judging 
equipment 52D is a snow coverage way, a threshold is decreased. 
[0094] 
[Table 5] 





ttJftEft 








L § v><t down 




l> § V><fjt up 





[0095] With the gestalt of this operation, road surface judging equipment 50 is used for 
correction of the threshold in the threshold correction circuit 58 etc., and a judgment result is 
not outputted to the car control unit 60 in the usual condition. 

[0096] However, when the road surface (mottling way) on which snow, ice, a desiccation part, 
etc. are intermingled with the image photoed with the camera by the mottling detector 54 
connected to the camera of road surface condition judging equipment 52D is detected, it 
switches with the output from the mottling detector 54, equipment 62 is switched, and it is made 
to perform car control based on the judgment result of road surface judging equipment 52. 
[0097] In addition, although the gestalt of the 2nd operation of the above explained the example 
which corrects the threshold of preview road surface judging equipment, you may make it 
correct the judgment result of road surface condition judging equipment prepared in preview road 
surface judging equipment. Moreover, what is necessary is not to be limited to the number and 
just to prepare at least one, although the gestalt of the 2nd operation explained the example 
which used 4 road-surface condition judging equipment. 
[0098] 

[Effect of the Invention] As explained above, according to this invention, an acceleration sensor 
and a sound pressure sensor are arranged inside a tire. The judgment result by the reference 
waveform and the detected acceleration wave, the judgment result according to a wave 
whenever [ reference-waveform and sound pressure / which was detected ], Since the road 
surface is judged by the majority of the judgment result by the criteria power spectrum and the 
power spectrum of the detected acceleration, and the judgment result of a criteria power 
spectrum and the power spectrum of the detected sound pressure, The effectiveness that a 
road surface can be judged with a sufficient precision with a practical sampling frequency, 
without being influenced by alien frequencies is acquired. 

[0099] Moreover, since he is trying to correct the threshold or judgment result of preview road 
surface judging equipment based on the judgment result of the road surface judging equipment 
which can judge a road surface with a sufficient precision with a practical sampling frequency, 
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without being influenced by alien frequencies, the effectiveness that an accurate preview judging 
result can be obtained is acquired. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the gestalt of operation of the 1st of this invention. 
[Drawing 2] It is the flow chart showing the manipulation routine of the wave comparator circuit 
of drawing 1 . 

[Drawing 3] It is the flow chart showing the detail of road surface judging processing of drawing 
2. 

[Drawing 4] The diagram showing the acceleration wave inside a tire [ in / in (a) / a desiccation 
way ], the diagram showing the acceleration wave inside a tire [ in / in (b) / a way on the snow ], 
the diagram showing the acceleration wave inside a tire [ in / in (c) / the Hikami way ], and (d) 
are the diagrams showing the acceleration wave inside the tire in a bad road. 
[Drawing 5] It is the diagram comparing and showing the acceleration wave inside a tire with the 
case where it does not ground with the case where a tire grounds. 

[Drawing 6] (a) is the diagram showing the variance in each road surface, and (b) is the enlarged 
drawing of (a). 

[Drawing 7] (a) is the diagram showing the distributed value change in each road surface in case 
the vehicle speed is 50 km/h, and (b) is the diagram showing the distributed value change in 
each road surface in case the vehicle speed is 70 km/h. 

[Drawing 8] It is the diagram showing the change of an acceleration wave according to the 
vehicle speed. 

[Drawing 9] It is a schematic diagram explaining deformation of the tire at the time of tire touch- 
down. 

[Drawing 10] It is the diagram showing the vector diagram of the acceleration of P points in the 
case of rotating while Vector R changes in the dieHength direction. 
[Drawing 11] It is a diagram explaining the Coriolis force produced according to the tire 
deformation at the time of tire touch-down. 

[Drawing 12] The diagram showing the acceleration wave inside the tire [ (a) ] at the time of 
braking of a desiccation way, the diagram showing the acceleration wave inside the tire [ (b) ] at 
the time of braking of a way on the snow, and (c) are the diagrams showing the acceleration 
wave inside the tire at the time of braking of the Hikami way. 

[Drawing 1 3] It is the flow chart showing the manipulation routine of the power spectrum 
comparator circuit of drawing 1 . 

[Drawing 14] The diagram in which (a) shows the frequency spectrum of the interior acceleration 
of a tire in each road surface in case the vehicle speed is 30km/h, and (b) are diagrams in which 
the vehicle speed shows the frequency spectrum of the interior acceleration of a tire in each 
road surface in the case of being 50 km/h. 

[Drawing 1 5] It is the flow chart showing the flow of processing of the road surface judging 
equipment of drawing 1 . 

[Drawing 16] It is the block diagram of the gestalt of operation of the 2nd of this invention. 
[Description of Notations] 
1 0 G Sensor 
1 2 Microphone 
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14 Encoder 

1 5 Slip Ring 

1 7 Tire Tread 



[Translation done.] 
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[0 0 3 9] ^77^1 1 ftmmotfLZ Vrl.T^momm'&ft&ttlb, Xf7/1 2 4£*5 

^IK<fcO*t^fr£fr£«rt§o flUMSotfU*^ ^Tfi#m£Lfc#tfc{fio©jmiic o 2*\XT<0$. 

#JK©Bi5*3fefiLTV*» -r^b^^W Kn^l/-- * [0 0 4 0] 

c o 2 = k 1 -co 2 + k 2«o •••(!) 

ki, k 2\m*wm&r}%>*), 7&£<Dft%.o mmmc o 2*u,*hil 4*a*a«^ttt, xr-y 

©H«{it c o 2 fcttf 5M#«tt k 1 £9|ft©#frtii o 4 0 T#?U^©Ii88£4f 3 0 «ff»»fc 

Ktt**«#«ftk2J:0**<l/C, ««EO»*lto 10 ££8ffittII©«£©«££fcWt> LtWitfS&S 

*«3&*K«<bUTfe»«iloOJR«Mtc o 2tfcttictt «»T?±IE4:ra*KBili«!8*«€-r*c fcj^Tft*, 

oTm$£g{tL&^<k'McLT^3o CtlfcJ^T, [0 0 4 5] Xf'^l 2 2 T*#|R|t0tfb£HHCg( 

Lfci:*»c-«Wt»««o3V**<ae{kbTt,BiBO c o 2fr6ffi£«n**»1-«tfcfcJ:t)SHKtt.c o 2 

WRI^KiihtSCk^TtSo «tt0>2«, Xf-yyi 4 4-pjRHffic o 2*^ftfcfto 

[0 0 4 1] MKURtCfc^ JMTTWWr**5 fefrSMtfUKU ftfcift^ftiHtaxfy^l 4 6 

K*at&tf *-T-;l/ff ©iff fc«KttiBS04pa*©« T'JgiKfii c o 2 % 0 t LT, Xf7/14 8 -pttjftJS t 

*»S*»*W»r U flJigSjRf ©n^fctt^r » n 2 2 T? 20 [00 4 6] BiB«moJt&lcoi'»TftillcMlll 

M#fl5»kl/Jv£< (t&JAff, 0) LTI«fco2% f*. 04 (a) ~ (b) Ic, MM 3 0 k m/ h T'£H 

#KB^TBiEtt»tflt&£S*i*©T\ &H*lcB5tttt »©*Wj£fTSra#fl©ta3afi*SBifi (SatBs »± 

*«j£t*<: B> sfOJk fttfBB) icis^x G-t y^-eimttzt 

[0 0 4 2] Xf7^1 2 6~Xf7^1 4 0T»M\ X #©«M»*i:, fcBBj£fTtt©8ttl$©f?Htt$*£- 

tiammm&iczz&mvmommv (a) ~ (b) onma, ^y^-^mtimmc^r 

B6lcld;L£vHtL l~L4©*#SfcMBS , T*Jt5 »&ftSG*>1*0B9tttt^fcWJSTShUy KB 

fc, L 1<L2<L3<L4T*»}, *Elfc»fci»B ©SM*ttB*«bT*0, G-fe^©«0«WWftlC» 

S«»!)«S<!)IBStl4Sft, LfWiLl'~L4' 30 (Sf* hUv KSft^JftEM©*'&fciMr*l|fc*B 

©**Tftt!*iM-**5lC, Ll ' < L 2 ' < L 3 ' < *P (0) £ LTs G*y?©&t>ftttBtttCttJS-f S b 

L4 'T*t)> L£WiLl~L4, Ll '~L4 '© U>y K»« t »*Lfctt*ii*|||*>6 G * >"fr©Bt Dtttt 

£48, SBBE«@BK*^T*i^tf*-f-;l/E5| »ttK»jSr* h L-y KWtfBfl5*>&B+i*«!>liiLB 

©£fT*mc£i;T***tf*JESftT^3. ST'fcgiiEF^fcLT^ -2 5 + 2 5 cm^lRi 

[0043] i)m&®.mc&2>i&mvim<Dmj£\c~D^T ^G-tyy-QWWumtiLictti&tz y u>y Kaw»» 

B¥i£-r*fc, Xx-y^l 2 6T*«: > Piffle o 2 £Ut Lfc£t©*qSg«£^L-T^.5. 

ir^ttL l fc*Jt«U HSIffic o 2#bt WIL ifiTF [0 0 4 7] «M»«fcSPtt«i:©Jt«fr&, 0 4 

©*£fc«\ Bffitt«it£8JI*£»i:1\ JH«<Ic o (a) fc**l8*B©»£K:a\ g«3^©^^-V©^ 

2tfLtWIL i*aA**^fc{4 % xr-y^i 2 8T- *^0|p|i;T'fe5fc*^EM©eiH^i:»i|i^i: 

B«*co2fcb*Hi8L2fc*lt«U Slico 2 40 #B-»LTfcD N 04 (b) fc**B±B©»£»C 

tfb£W§L 2J.;TF©*l£fc&, Xx'y^l 3 0T?*± tt. BE©gSj?im©fc&&i$EH©lglWfcJgtfg*Pi£ 

BtflBTrs. 04 (c) fcjj*-fr*±B©«£fctt, it 

[0 0 4 4] Bfttf c o 2tf L*VHiL 2*B* OfCfcoT^fiilfflTAQjig^tTn^CTfe!?, 

SW^fctt, Xf77'l 3 2T*S«filc o 2fcL#HB El 4 (d) t^-ri(B©«^Ktt % fi^f iftlc «k o TiP2 

L 3 K«t c o 2jVbtHlL 3ttTOi b<fi»UT43t), cn&4>6ftftB{Wl.T 

^tcti, Xr^yT'l 3 4TvW KD7 p U-->^*m tt8Sffifc«fcoTl8K^©^A^kl,T^5i: 

LTVSfcltjrrs. ^LT, HSfflc o 2^bflMI MUZZ. 

L3*a*5«^Ktt, Xf'^l 3 6T'IlIco2 [0 0 4 8] 0 5K, AX(6/i SS^y-v;l/^^-V^ffl 

iltt^filL 4 ££J±f$U ^«flc o 2A^Lf^ffiL ^T$ii5 0 k m/h-e£Hrj£frUfc»£Ji:*Jtt**-f 

4WT©«^ttt, Xf7/l 3 8T'S±Bt«t£U 50 -Vgit!!B#©$M^TBU^(S)©TOi)Djigi:, ^-T-V^ 
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mt&mmtimLTTK-t. 02^, t^^mmt 

[0 0 4 9] 06 (a) £, $j!3 0 km/hT'^jt 
ffL/clf£<D&Sgffi (gglSg, «±SS, *_hSS, Rtfli 

aye, «±»s *±sSs *awsowtiMR**< 

[0 0 5 0] 07 (a) t, *S«5 0 km/ ht?j£#j£ 

Bt^iJr-^^b, 07 (b) £, *il7 0km/h 
T?S«*frbfc«^©H7 (a) fcrafcOWBSMT*-* 

[00 5 1] ftot, AOiifi&^fflV^clSOISS^i 
JtfcfflOLfcV'fiL 1~L 4*4, 1 <L 2<L 3 

[00 5 2] &:fc, ±120 4 ~0 7 (D&Z 

l^fclgW«t$i«£ffl©L#WlL 1 '~L4 '(4, 
L 1 '<L2 '<L3 '<L4 ' ttMf <fcV»C i: 

[0 0 5 3] w±o«*s SW££Bf£?iJtt£©#fc 

[0 0 5 4] 0814, KbX^l'-V^ffll/^T^ii 
3 0km/h, ¥5850 km/hTJE#3fefTl/fc«^ 

30km/ht^l00m/s\ ^ilSOkm/hT* 
d R/d t=R ( • cosfl • s i 

(4) 5S* (2) Sfc«A-rSfc^S*MI6n4. 

o = 2 *-Ro • cosfl • s 

±12 (5) iUD, ^^-v^%LfeisraoAnjiSa 

[00 6 3] CCX\ 2^-*¥gR.*0. 3 14m, 
»%ftA^»Htfce%l 4. 5° fcl/C, §3§3 0k 



(7) ^2 0 0 2-3 4 0 8 6 3 
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[00 5 5] 09(4, *^»nwfc*tt**>firoa 

Sgffitcfc-p T»Mttfc¥iB * 5 <fc 3 1 g« <£ ft 3 fc 

1 R. *m U SttflftH C f C r T?(4@ 

fc, $ifc4H4*^&i»<&®cmLTMji}lgl-f 
10 *Ci:K:ft*©T*, £^TRfT*{4*^g«!2ffi<D;!iQjI 
gttOKfcS. 

[0 0 5 6]-^ h/l/R<0$fc48©P£tf, EHkL4*«6 

{4, 01 otc^-r,t^t** 0 0 

1 0TH4, *f§3£to«, KBt|f-^(fi)^IEt L, d R/d 
t>0, d ! R/dt ! >0, di»/dt>0(O^©S 

[0057] G-b>-y-!WRt)f?r^eftfca5ffi©jafflai5* 

20 sentjfeff »t*tt s&i&mit c f mmmm c r ? 
t4, sfo5£tc*r it3 u * v ©a»c <k t) ^r^-ranii 

[00 5 8] 

a = 2 (d R/d t) • to • • • (2) 

tctcLs (2) S(4, l«(tt3Wfflb*VMI*©S«« 
ASK * * ^ £ floaaiffiSf * jjs'L TV * o 
[0 0 5 9] 01 H4, g&ffi^L^ lilted 

LfcfcOT**. ^^•V^gR.±^H]te)Sga)-eiHlte 
30 bTt^K^CDSWOHie^R Wh/l/RO^ 
tSfcHU) 14, 01 1 a>5JXT<D5£-C**£ft£o 
[00 60] 

R = Ro • c o s 0/c o s 0 to t ••• (3) 

0t4, 8**1 (S«S«9iS*/'ct4g«!!W tlie 

[00 6 1] ±15 (3) 5£©R£B#R8?ffi#-f-5i:®e 
¥&0*{fcdR/d t tiWT©5£T*S*ftS. 

*40 

n to t • to/ (cosfifflt) 

... (4) 

X * [0 0 6 2] 
1 n m t • (o / (c o s 0 to t ) 
• • • (5) 

m/h, *jf 5 0 km/hj£<Tl$©8Jfciro»C f 

immc r (to t =±0) t4B^«taa«o*#ii)*i: 

50 [0 0 6 4] 



(8) ^2 0 0 2-3 4 0 8 6 3 
13 14 
C*l] 



Mm 






&ifa®&C r 


3 0 km/h 


- 1 1 6 m/ s 2 


116 m/ s 2 


5 0 km/h 


- 3 2 3 m/ s 2 


3 2 3 m/ s 2 



[0 06 5] 01 2 (a) ~ (c) tt % 

«. H©;fc«lfclB«SttTV3ft*tt* 7"a>yb 
r-*jWI6nfcl*j«©*'<->l'EPc, *»V, XU 

[0 0 6 6] ® \ 2fr&fflA***l**5fc % P&RIU*^ 

5iK^ot*s«B«*wt)s ipiiise-^^m^tb 
fciijjwuK&oT^So commit, mn^nrhu 20 

3 g*« t fc <k 5 (cfiM£ ti 5 1ttbV3b %>o ±I2T 
tt, »J»B*©toB§teo^TKiflL;fc)!^ BMWKio^ 

[0067] £©*$£, ummmctt, &M&Mma 

©taaUttft&tttFElfcftfr & ®&Vim*ffi£t S 
«DL*HIL1~L4, LI '~L4 '<D*SS*j£K 30 
t-Si&gtffcS. f&fr^ L£l/MIL1~L4, LI 
' ~L 4 ' ©*t£«, *jaLRtf*-f-/l/Ek:(6i;T* 
M-TS^^feSo Sfc* flPJBIillffcidu *J-)l}£<D 

ft£©T?> ±MX*®ffl Lfc£.5 k 1 /Jn^T < 

[0 0 6 8] *tC±E©*«OJB«OH»»»«fS»l 
8D S 2 0D&D*/S7-X^ h;l/J±K@gSl 8F, 2 

3„ &*>\ ^7-X^h;W£$lHlS§l 8 F^ 2 0 Ft 

m%mttMwmmmimmx°&K>. ^7-x-^ h 

Mk^IUSS 1 8 FTttKJgK*^^tf bTI^Sfct© 

Jtl&iU /S7-X^£ h;l/lt«lHltt2 0 FTtt?a«S* 
£1&jfcfTLT^*fc*©SE©1$£H»»;W 
(gtp/W-X^7h;l/) fc$Hft<*nfc«E©1f£flS 

£UTV4©T?» $ ti{)TSi0fl-r^ o 50 



[0 0 6 9] Xfy7*l 6 OfcfcVvt, SAttSMtfria 

@8& i 8 DTWyxu y^^r-fentf gm^ n» 
»#«r@B2 o dw^ij yfm&T'&tui sm% 

[0 0 7 0] ^OXff7*l 6 4T\ /ittft^«rSISl 
8 DT?ttG«5©ffi£J«tt»fcfcttS*'<* h;Wfi^tt 
tab, MttR^HK2 0DT(4S**©«ff£II»»K: 
fctfsx^ h;l/ffl*JftWU ^7-x^h;i/£fc®ni 

?§©&>«? KUttrrs. x^h/waiiiii, fft\ a 

5<lttfT?t3o Xf7/1 6 6 t?fi, /V7— 

[0 0 7 1] Hi 4 (a) , (b) X#>y FbX* 
f ^T*JI 30km/h> $3 5 0 k m/ h T£ 
SSffi (ttftBL «±8S> *±SS> RtflPfUJiK) 

mc3 0 0-50 0H z<m (a-hV-fXHSRtt) 

*ft/S7-x^* WW £JliiM^W@Kfr&©«rJfcJHtt 
»©*"<* 0V7-x^h;l/) t^jtK-rsct 
fc*^Tttffi*»*^**t ±IB 

[0 0 7 2] ±IB©J;atCbT«^^nfc«»J:t^lHlSS 
1 8 ET©*SIS* (G*«Jt«fc J: , tt 

»J±©lHlB 2 0 E T'©«^« ( S te^ttiKlC J: 
HID s /^7-X-<^ h;l/JtRl§l8l l 8 F"P©tt«tt* 

(G^^h;Wt«lc«J: s Stf^7-X^ 
* h;Ut«@iS2 0 FT©»StS* (SX^^ h;l/Jt« 

ft^bn^o cntcfcoT, rau«tse*i:ftofe2"Q 

W±©«SBIS»tf, SWjfi©*fflSiBfcbT*iJS*n 
[0 0 7 3] W±IWfibfcJ:"5K, *H«©»JI8fc:j:n 



(9) 
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3 Kb, ftg|5f <D&WW'P% < , tFO 1 ~ 5 k H z <Dm 
[0 0 7 4] ^tt*fgBJ(7)^2^SI©^®tOI/>TIIi 

mtfm^nm&%*wz>zttf?zzo c©fc#, mz 
(DMMvmmTHt, % i (ommmmmmn^mm 10 

[0 0 7 5] #HjK§©^S&s 0 1 6tc^f Jg 

i<DmM<DBmT*®fflLmmife%mso, -fist* 
-ss®f<j^^s 5 2 . zrimtk&m&s 4, TVtra 

HSHI£t«*[slSS5 6, Ltl/MHi|IElH]S&5 8> 
[0 0 7 6] 7*H£a-ggffif"J£lgB5 2K«, SgffiK 

zmm-zti, * mm \cnt^^%<omm^t^. 
mm \zm%%ft%<DmL®&t.ttwx%c£*m 

B5 2ATI4, jS^*HHBfcJ!a«t, *©■»«**« 
0)t*il51S-e-*»107^;l/3rfc, *©««»**© 
ft%iIjl£-£SSg 2 ©7 -< i: LitRMtf&ifk 
ft«T*»tU ffli©7^;l/*£i§j®Lfc£Wft©§ft 
U^MifcS2©7*;l/**iIjfiL;fcES«t©£3KU 30 

^isittzimtZo i«< ho^a, 3tkt«fc^T 
[oo7 7] <i<D&mfflm>mmw5 z aowhv^ 

JUtftbastu *n«fl©»Ii*fTi$fcttK«£fcfc 
SBIS©^U'<rt'©L*^«Iwet*KH\ J-XT©<fc? 40 

• I.<Ii, froli<Iice©£:^ J*BBfcWSf 
S 0 

• h>lu *OIi<IwetOi:t» fflWISfcWS-r 

"So 
So 

[00 7 8] LtlMHgIE|51gS5 8k:*5^T8Sffi 

*J£SI 5 0©«£IS*tClS^T^$BfcU''«/l>©L* 
l Mil ice, Iwet*WTOS*c^-fJ:ajcl8a«"&S. 50 
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[00 7 9] 
[*2] 



V 







mm 










lice down 


iSfSUS 






Iwet down 




Bee up 


I wet up 





[0080] *2fr&a/S**l*«k$fc, z^pmm 

«*#*n«n© t * »i«kt»« RTtttt^x^o 

■eU*lrmiice*ffiT«^ ^•VrtSMUflcg-^J 
fl.©£#fci:, SifflBT*fcS^g14tffii^©TLtvMfiIw 
*#*©«©«£«:, *njtK»-^<W«IS**Wtt» 

[0 08 1] *fc, TVfcTa. -BiiPNCItl 5 2t(4, 

tu h7W*ftbT§ftbfcft©*^h;W 
ttHiMW*fc*^TIIiElC <k o Tg&S C k«rf ijffl LT 

2 b jwsttsn-cv*. e oKiiKMfujeaiB 5 2 b t* 

[00 82] SSffitf SI¥iJ££ffl 5 2 B fcfc^T, B/t5£© 
ffiJB*»««lcfctt*JB*^#©3aftD b*J«Pi©& 

»aL»tcffia-r*«SM* f ocd^sd a 0 

E«{fctfc« (H*»»a*HSUlEJtDb/Da) . iEEl* 

*+i&fc1-*«**»«lc**n*J«»OSWlEDa. D 
fOtt* (S^ttDf/Da) , a«fi»)tt©K»3t 
$Rv (8ffiLD^©&#Sk:#tS£l*tt«©Jt$0 
©§^k, tt^HTHl, TH2, T H 3^ THc s 
THdl, THd2, THek*it®LTWT©<fcdfcffiS 

•Db/Da^THK D b/D aSTH2, ^ODf 
/Da>THdl<Dtt, fflK&b*fet*. 

•Db/Da<THK Db/Da^TH2, frODf 
/Da^THdKDtt^ Sfc«D b/D a ^TH 3. 
OD f/D aSTHd2©tt, ftjiBiiikVJS-r*. 

•Db/Da<THK *OD b/D a >TH Z<Dt 
t, Sfc(±Db/Da>TH3, A>OR v<THc©£ 
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• D b/D a>TH10tt, $fc«D b/D a >T H 

• D b/D a^TH3, froD f /D a > T Hd2©£ 

[00 833 C ©Kffi^iW^Sg 5 2 B 

BJJK&tfftlSKtt* RiBO«tiJI*fcJ:o 
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* 5 8 ICtS^X&LTVg. 3 fc^-f «k 9 KBffitf ft L 
*V»B**KS#*. 

[0 0 8 4] tftfe^v *^rtS«*fc3S-3<Wj£IS 

[0 0 8 5] 
[*3] 



V 

Is 





















THdl 
down 


THc 
up 


TH3 
down 








TH2 
down 


THc 
up 


TH3 
down 




THdl 
up 


TH2 
up 




TH1 
up 


TH3 
down 








TH1 
douwn 




TH3 
down 










TH3 
up- 





[0086] *-r+rtawi«tistJ<*ij5£tt* 

jWatROBfcTfcoT, BiB«ffla»J*»B5 2B©|iJ 
Stt*3^B»«0»^fcttb*irM»THdl*«il>«^ 
S§a^|iJSSH5 2 BO^gl^iSfD^lcU 
L«lfHlTHc*lttO*«, e§ffi««¥iJ^SS5 2 BO 

wsism^swsttcii^Ktt u* ^fflT h 3 *afcj>*-& 
ft, 

[00 87] Sfc, ^l/lfa-*lffiWai«5 2fcH: % 
<DBEfr 5 ©K*H££g« LTBSMUt* 

Bftg$l£lifl5 2C-?tt, iB£&%BiBtc!&ttU s 

s^ttSBB) fc«*u eb»©»bu'Wjw»£» 
«ttH^T?fen««Btt (<&ftw*augB) twjet 

[00 8 8] BffittttNBItB 5 2 C T-Ji, K^ff&IB 
B^a«-C*^i:ffi8»K:»^<«Sii2pJ©l8jRt«:P!pJ3£ 

~3 < U BB#£¥U£&B 5 2 C OW 

1618*3^*^ -Vrt«Ml^t*^< WJBB*fc*a ft t 

a, BEttfif ij^ni 52ctc<koT^ -r -vrtawwfc 

fto 

[0 0 8 9] 0>J*tf % *^*rta«B*lC*3<fflSiS» 
AKKMUft (ifefti^ttfiBB) ?*50t»U, Bffitt 
tt#J£SB5 2CfcJ:&BffiW£l&£tf, «ffiB (S3 



VtiWRSB) K£flFgttH*>.h£ < tftc 

[0 0 9 0] 



30 



v 





*£*b 


aim 

(8RBB) 


(MB) 




/J>S<i-ft 


MB 
(«B») 


<-r* 





[0 09 1] *UT> 
{*> #*7TBffi£« 
BBBUm^BUkU 



^Uea-BffifiMSBS 2JC 

6Hitfiit$B©fe©$ § s #*u© 



*ftfc©£¥yK*ftBffi«tt*Jj£«B5 2 DtfRtt&ft 
T^fto C0BiB«BJ|9|JE8B5 2D-lftt % tt±B©?f 

fto 

[0 0 9 2] ctofcfc, ^5t^-TJ:?fc> ^^•Vrta? 
«*te»^< «*BB*«»i: U BBtf&WtBB 5 
2 D©*iJ«e«*<*-i'"Vrt8IHI^lclS^< WSIgjRkS 
BB#B¥U££B5 2Dtc^T*Y-fF ( ? 

jg-fft. 

[0093] *^+rtaiffl^KS^<wsis» 

tfftBBTfcftOfcWLT, Bffittfgf<J£gl 5 2 DtC 
50 £ftBS$l£££tfftBB<DB£fctt« L*t^B*Bil> 



[009 4] 
[*5] 
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b § v-'-fi down 


mm 


b § V^it up 





[0095] *nm<ommr'ii, t&mmiz&ms oab 

U moKIB?tt«l£liAIU:«ifMWIB6 OfcatH 

[0 0 9 6] bfrb&tfe., BiS4ftgH£&ll5 2D4) 
*^5lC«il«tlfc*«6*ailBW5 4lCJ:oT, 

[0 0 9 7] ±E©*2©£il©«l8T«, 7b 

tT a -SS®«£SB© b £ l HMHUE* S ffflfcov vfltt 
Bbfctf, :/ue»-MB««*BlcRtt&ftT^*tt 

wmmm&mvmffl&mmiEt* * a k bx %> & 

l\ ^20^i©llT1i, 4 0«BS«(» ! PJ3£« 
B£E^fc0Jk:o^TSii¥!bfc*\ «c|3gS£ft£> fe 
OT'li* < < t 1 oKttfttf <fct\> 
[009 8] 

[«•»©»*] W±iWb;fcJ:3fc*BWfcJ:ntt\ in 
Wi/fcfcdJ£ftfd)Dji£©;<7-x^ h;l/£ 

[0 0 9 9] g-fc, n«P*fc»»tn*{:fc*<*fflW 
[0E©ffij¥£IfcH.8] 

[0 1 ] *«w©jb i (onmmmvyu v mx-h 



(11) #M 2002-340863 

20 

[02] Ei i <D&mt$m®<Dwm>\/-3-y*7rstmn 
[go] H2©KiiW««yi©BiB*3S'r»nHt»a6 

So 

[04] (a) ttgMma3if%$j j rfi®<Di)mm& 
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